Objective: To measure spasticity of the knee¯exors and extensor muscles in two dierent hip positions. Setting: Swiss Paraplegic Center Nottwil, Switzerland. Methods: Twenty spinal cord injured (SCI) patients with complete lesions were tested with a torque-velocity dynamometer in the following positions: (1) supine with a hip angle of 08; (2) sitting with a hip angle of 908. The excursion of the knee was measured for both positions using a goniometer. Two¯exion/extension movements of the knee were performed at a speed of 108 per sec. A further four¯exion/extension movements over the same trajectory were made at a speed of 1208 per sec. Eccentric peak torques were measured continuously during movement of both legs for both speeds. Results: At a speed of 1208 per second, there was a signi®cant dierence in stretch re¯ex of the hamstrings and quadriceps femoris muscles for the two positions (Wilcoxon's paired t-test, P50.05). Excitability was higher for the quadriceps femoris muscles in supine than in sitting position. For the hamstrings, the eect was reversed. Signi®cant dierences between sitting and supine position were not found for the speed of 108 per sec. Test ± retest reliability was high for the movements of 1208 per sec but low for 108 per sec. Conclusions: Our ®ndings indicate that for a reliable and comparable measurement of spasticity, an exact description of test position and procedure is essential.
Introduction
It is very dicult to objectively quantify spasticity. 1 However, it might be necessary to assess the ecacy of therapeutic interventions. 2 ± 5 Many scales (in particular the Ashworth spasticity scale, 6 the modi®ed Ashworth scale, 7 Penn's scale on spasms 8 and the pendulum test 9 ) as well as other techniques 3,5,10 ± 12 are currently used in an attempt to measure objectively all aspects of spasticity. From a study by Priebe et al. 2 we learn that several clinical scales for the measurement of spasticity correlate only poorly with each other, suggesting that these scales might assess dierent aspects of spasticity. It is for this reason that Priebe et al. 2 and Pirotte et al. 13 proposed to use dierent scales, including spasm severity and frequency scales, clonus and Ashworth scores, on one subject in order to describe all aspects of spasticity for one patient.
Recently, the assessment of spasticity was performed by using isokinetic dynamometry in patients with spinal cord injury (SCI) 3, 5, 12 and other neurological disorders. 7, 14, 15 With this technique it is possible to test the resistance to passive movement in the joints with preset speeds at dierent lengths of the same muscle. As spasticity is de®ned as a velocity-dependent response of muscle to passive stretching, 16 isokinetic dynamometry seems to be a technique suited for this purpose.
Increased passive movement restraint may have many causes. The resistance can be attributed to the properties of the collagen tissue (eg tendons, joints and muscles) and to the intrinsic properties of the stretched muscles. These are called the non-re¯ex properties. 17 ± 19 This article will focus on the increase in resistance mediated by the stretch re¯ex. Changes in the mechanics of muscle (eg contractures) cannot automatically be attributed to increased re¯ex activity. However, the increased passive resistance due to muscle contractures is not velocity dependent. This implies that before spasticity measurements are performed, the excursion of the joints that are involved should be checked ®rst at a low speed. Only then changes in passive restraint with increased speed can be attributed to increased re¯ex activity.
From the study of Perell et al. 3 we learn that a speed of 1208 per sec was sucient to demonstrate dierences in the sum of four consecutive peak torques in the knee between three groups of (1) a normal able-bodied, (2) a spastic and (3) a¯accid SCI group. Speeds of 308, 608 and 1208 per sec were also used by others to investigate spasticity in the knee. 20 With these tests it was possible to dierentiate the normal motor control subjects from the spastic subjects at a testing speed of more than 608 per sec.
Nevertheless, all objective measurements are limited by the variability of the phenomenon`spasticity' per se, which is highly changeable not only over the duration of 1 day, but also from day-to-day in dependence of many uncontrollable factors. 21 For instance room temperature, time of the day, bladder and bowel distention, previous activities, exhaustion, stress, position in which the spastic limb is tested, contribute to a high variability in the spasticity measurements. 22 It is the aim of this study to investigate the in¯uence of the position of the hip (and therefore indirectly of the length of the dierent muscles) on the stretch re¯ex activity of the hamstrings and quadriceps femoris muscles. For this purpose we tested a¯exion/extension movement of the knee in the supine and sitting position. The range of motion (ROM) was equally de®ned for both positions enabling us to test extensors and¯exors of the knee at dierent lengths. Test ± retest reliability measurements were performed for movements at the low and at the high speed.
Methods

Subjects and material
Twenty patients who have had a motor complete spinal cord lesion (ASIA A/B) for a minimum of 4 months were studied. Patients were included who were known to have spasticity in the lower limbs, who did not suer from any joint problems or severe osteoporosis and had a hip extension of 08. Mean age of the patients was 33.4 years (SD 10.3; range 20 ± 60), mean time post injury 7.1 year (SD 8.6; 0.3 ± 22.6). The level of injury ranged from C5 ± T6. Before testing, patients were informed about the purpose of this study and they were free to withdraw from the experiment at any time. A complete experimental set-up was located in the Swiss Paraplegic Center (Nottwil), where all the testing took place. Room temperature was set at 218 Celsius and testing took place with an empty bladder.
A commerically available computerized isokinetic dynamometer (Cybex Norm II, Lumex Inc. Ronkomkoma, NY, USA) was used to measure the eccentric torque (in Nm).
Measuring set-up Before real testing, individual knee extension and exion limits were set by goniometric measurements and manual testing of the ROM for each patient separately. We tested how much extension in the knee was possible with a hip in 908¯exion. The maximal possible extension was taken as the endpoint of thē exion/extension movement in the sitting position. The maximal possible¯exion in the knee was de®ned when the patient was in the supine position. For the two measuring positions the tested range was the same. The tested range varied from 908 to 1208 amongst patients. In this way the ROM was adapted to the¯exibility of every patient and muscles were tested in two de®ned, stretched positions.
Patients were seated with the pelvis ®xed in an upright position, the hips in 908¯exion and the lower legs hanging over the edge of the seat. The rotational axis of the dynamometer was placed in line with the axis of¯exion/extension movement of the knee. Proximal attachment of the lower limb was made just above the knee with straps (width 10 cm), the distal attachment 4 cm above the lateral malleolus. Gravity correction was performed to account for the weight of the limb. After that the leg was moved two times from exion to extension and vice versa, with a low speed of 108 per sec. Then, the same ROM was performed on the leg but with a higher speed. This procedure consisted of four times¯exion/extension movements of the knee with a speed of 1208 per sec, maximal eccentric torque limit (100 Nm) and a pause after four repetitions (5 min). After one side was tested, exactly the same procedure (®rst the slow and then the fast movements) was performed on the other leg also in the sitting position.
In the supine position, patients were positioned with the lower leg hanging over the edge of the seat; the pelvis was ®xated with a strap (width 10 cm) over the spinae iliacae anteriores superiores to prevent hyperlordosis; attachment of the thigh was done with straps to the table, as in the seated position; the lower leg was ®xed with straps 4 cm above the lateral malleolus. The other leg was placed with¯exed knee and hip with the foot on the table. This leg was held in position by one of the experimenters. Schematic drawings of the two positions are given in Figure 1 . 
Measuring protocol
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Statistics
In order to determine the reliability of our measurements, all patients were tested twice, with exactly 1 week between the ®rst and second measurement. This allowed us, at least for the inpatients, to rule out the in¯uence of weekly therapeutic applications like sauna, hydrotherapy and hippotherapy. For the outpatients we used the same procedure, as their sporting and therapeutic activities were also organized on a weekly basis. 19  41  13  1  5  15  11  2  3  5  5  4  3  3  20  20  10   19  5  50  8  50  12  1  12  3  17  3  4  10  5  2  1  2  19  15  2   23  16  57  21  9  24  14  28  29  38  15  30  46  8  m  11  14  30  27  15   16  28  87  27  21  22  16  32  31  40  7  32  45  14  m  9  7  37  28  17   3  4  7  16  19  2  3  4  7  14  3  3  3  5  m  4  3  6  5  4   5  4  9  8  20  3  3  3  3  10  3  3  5  4  m  2 Tests on the reliability of our measurements were performed with a Spearman's correlation coecient on the peak torque of the two slow and the four quick repetitions, and the sum of the two slow and the four quick consecutive torques (S torque). After that, a comparison was made between the peak torque and S torque of the extensor and¯exor muscles of the knee in the sitting and supine position (non-parametric Wilcoxon's signed rank test). We chose P-values 50.05 as level of signi®cance.
Results
There was a statistical dierence between the right and left leg on peak torques and S torques, so that statistical procedures were performed for both legs separately. The S torques of all the subjects at the two speeds and positions are presented in Table 1 . The peak torques of the right leg of all subjects at the two speeds, positions and tests are shown in Table 2 .
The correlation coecients between the ®rst and second protocol for the low speed were only moderate and not always signi®cant (Table 3) . Also, the dierence in peak torque and S torque for both legs in the two positions and at the low speed, did not reach a level of signi®cance (Wilcoxon's signed rank test). The correlation coecients of the movements at the higher speed were more stable and high, with the exception of the correlation of the extensors in sitting and the¯exors in supine position (Table 3) .
For the movements of 1208 per sec there was a signi®cant dierence for the two positions (Wilcoxon's signed rank test, Table 4 ). The excitability of the extensors of the knee was higher in the supine than in the sitting position, for the¯exors it was reverse. In the sitting position it was easier to elicit spasms in the hamstring muscles. An example of the dependence of hip position and re¯ex reaction of the hamstrings and quadriceps femoris muscle is given in Figure 2 .
Discussion
In this study we were able to demonstrate that the length of a muscle plays an important role when testing spasticity. For both muscle groups (kneē exors and extensors) the elicited torques were signi®cantly higher in the lengthened than in the more shortened position.
Statistical procedures were performed for both legs separately, as there was a statistical dierence in peak torque and S torque between the legs. This study was designed to investigate the in¯uence of position on re¯ex excitability, so we counterbalanced the subjects for position order and not for dexterity. The degree of spasticity is rarely equal in the right and left leg in SCI subjects, but there is no indication in literature that dexterity has an in¯uence on spasticity. For protocol reasons we always started with the right leg in both positions. This might explain why the measured torques in the right leg were mostly higher than in the left leg. The excitability of the muscles probably declined during testing.
At a speed of 108 per sec, there was no signi®cant dierence in neither peak torque nor S torque between the sitting and supine position. The reason for this was that the variability of the torques was larger than the dierences in torque between the two positions. Probably this was caused by the experimental procedure as the ROM was checked manually and therefore was biased by the subjective determination. There was no reason to believe that the experimenter would judge this resistance in one direction or the other dierently. It is, therefore, obvious that the movements with the low speed ± based on mobility tested by the experimenter beforehand ± only elicited small torques and that they did not dier signi®cantly from each other. Despite its widespread use, the Ashworth scale of 1964 6 does not prescribe the speed with which the movements are to be made. Nielsen and Sinkjaer 23 tested the stretch re¯ex amplitude of the soleus muscle against stretch velocities between 16 and 1208 per sec on multiple sclerosis patients. From a speed of 208 per sec and more, the stretch re¯ex amplitude started to increase clearly, indicating a dependence of stretch re¯ex activity and velocity. An increase in re¯ex activity was also found in relation to increased velocity imposed on the limb in spinal cord injured patients. 3, 5, 20 We therefore used a speed of 1208 per sec which has been proven to be a useful speed to quantify spasticity. 3 Our investigations show that spasticity measurements performed without mentioning the speed with which the limb is moved, are not very useful.
At the speed of 1208 per sec, there was a signi®cant dierence concerning peak torque and S torque of thē exors and extensors for the two positions. Concerning the position of the limb, the eect of increasing muscle length on re¯ex activity of the quadriceps and hamstrings stretch re¯ex was investigated in another study. 10 The response to sinusoidal oscillations was investigated for both muscles in a position of dierent magnitude of stretch for the muscle. The eect of increasing muscle stretch on the quadriceps stretch re¯ex was inhibitory, whereas this eect was opposite on that of the hamstrings. In the latter, the strongest re¯ex responses were with the longer muscle length. The explanation for this phenomenon lies in the`¯exor re¯ex aerent' which produces an autogenic inhibition of extensor re¯exes and facilitation of¯exor re¯exes in response to changes in muscle length. 10 As we did not measure EMG we were not able to determine where exactly in time and angle the re¯ex was strongest. In our experiment we measured dierent responses in torque for the two positions and muscles with the greatest response in torque appearing at a later stage in the movement for the hamstrings compared to the quadriceps muscles.
We found a dierence in torque and S torque for the¯exors and extensors dependent of hip positions. As the greatest dierence between the sitting and supine position concerning the lower limb is accounted for by the dierence in stretch of the knee¯exors and extensors, there are very good reasons to assume this dierence to be attributed to these dierences in length. This implies that for the sitting position thē exors of the knee are more lengthened during extension of the knee than in supine position. For the supine position the opposite is true: in this position the extensors of the knee are more lengthened durinḡ exion of the knee compared with the sitting position. Also in the experiments of Burke et al, there was a linear relationship between the velocity of stretch and the integrated EMG response underlining the dynamic nature of the stretch re¯ex in both muscles. 10 The dierence in eccentric torque between the low and the high speed in our experiment is in line with these data. Actually, during the movements at the low speed we were not able to elicit spasticity and hence we could not ®nd any statistical dierences between the two hip positions concerning torque and S torque.
The position of the subject and the limbs involved in the movement have to be de®ned before the testing can start. As the re¯ex activity of both the¯exors and extensors was position dependent in our study, a standardized performance of spasticity testing concerning position of limbs and trunk seems to be very important.
Also, we were able to repeat our measurements reliably from 1 week to another. Correlation coecients were even higher, when we were able to elicit spasticity. The highest correlation coecients were gathered for the knee extensors in the supine position and for the knee¯exors in the sitting position. In these positions it was most easy to elicit spasticity as the muscles were more stretched during testing.
Conclusions
Our data demonstrate that it is possible to quantify spasticity reliably on condition that the patient is positioned in such a way that spasticity can be provoked. The most reliable measurements of spasticity can be drawn when the spasticity producing muscle is in a lengthened position. The two muscle groups that were investigated in this study produced de®nitely more torque and S torque, ie it was easier to elicit spasticity when the tested muscles were exposed to more stretch prior testing.
The following conclusions with regard to the practical implication for the measurement of spasticity with an isokinetic dynamometer can be made: the hamstrings are best tested with hips¯exed in 908 while for the quadriceps muscle extended hips are preferable. If an isokinetic dynamometer is not available, the results found in this study are also applicable for other measurements of spasticity, eg Ashworth scale or EMG recordings. Precise documentation of standardized measuring protocols is most important when high reproducibility is required.
